Abstract. Cluster of differentiation 36 (CD36) is involved in the development of atherosclerosis by enhancing macrophage endocytosis of oxidized low-density lipoproteins and foam cell formation. Soluble CD36 (sCD36) was found to be elevated in type 2 diabetic patients and possibly acted as a marker of insulin resistance and atherosclerosis. In young subjects, sCD36 was associated with cardiovascular risk factors including obesity and hypertriglyceridemia. The present study was conducted to further investigate the association between plasma sCD36 and cardiovascular risk factors among middle-aged patients with metabolic syndrome (MetS) and healthy controls. sCD36 concentrations were determined by enzyme-linked immunosorbent assays (ELISA) for 41 patients with MetS and 36 healthy controls. Data for other variables were obtained from patient medical records. sCD36 concentrations were relatively low compared to the majority of other studies and were not significantly different between the MetS group and controls (P=0.17). sCD36 was also not correlated with age, body mass index, glucose, lipid profile, serum electrolytes and blood counts. sCD36 was not significantly different between subjects with obesity, hyperglycemia, dyslipidemia, hypertension or cardiovascular disease, and those without these abnormalities (P>0.05). The inconsistency between results reported in the present study and other studies may be unique to the study population or be a result of the lack of a reliable standardized method for determining absolute sCD36 concentrations. However, further investigations are required to assess CD36 tissue expression in the study population and to assess the accuracy of various commercially available sCD36 ELISA kits. Thus, the availability of a standardized simple sCD36 ELISA that could be performed in any basic laboratory would be more favorable to the specialized flow cytometry methods that detect CD36 + microparticles if it was to be used as a biomarker.
Introduction
Cardiovascular disease (CVD) is the principal cause of fatalities among older adults worldwide (1) . Advanced age, male gender and family history of CVD are considered as non-modifiable cardiovascular risk factors (2) . Alternatively, modifiable risk factors for CVD include obesity, hypertension, hypercholesterolemia, hypertriglyceridemia, reduced high-density lipoprotein (HDL) cholesterol, diabetes mellitus (DM), smoking and a sedentary lifestyle (3) . To best identify the subjects at an increased risk of CVD, the term 'Metabolic Syndrome' (MetS) emerged to describe a cluster of the modifiable risk factors that they can predict the occurrence of CVD when they exist together (4) . However, subjects are diagnosed with MetS when they fulfill certain criteria that were defined by several health organizations (5) (6) (7) (8) .
Certain subjects may develop CVD without having numerous cardiovascular risk factors (9) . Khot et al (10) have shown that at least one of the four traditional risk factors (smoking, DM, hyperlipidemia and hypertension) was found in ~80% of their study population with CVD, suggesting that the development of CVD does not necessarily require the presence of a cluster of cardiovascular risk factors. Therefore, the prediction of CVD should not be restricted to the presence of cardiovascular risk factors, but it should also be based on measuring cardiovascular-specific risk biomarkers. Thus, identifying new biomarkers for CVD will improve the selection of subjects at increased risk of CVD for preventive strategies (9) . Examples on current biomarkers for CVD were reviewed by Montgomery and Brown (11) and van Holten et al (12) . These studies suggest that the biomarkers associated with lipids (such as HDL-cholesterol, triglycerides, cholesterol, apolipoprotein B and others) have stronger predictive potential for CVD compared to other biomarkers (12) .
The initial process that leads to atherosclerosis, the hallmark of CVD, is foam cell formation (13) . Foam cells are fat-laden macrophages that are produced by macrophage endocytosis of oxidized low-density lipoproteins (ox-LDLs) (13) . This process is mediated by the macrophage transmembrane scavenger receptor cluster of differentiation 36 (CD36) (14) . CD36 is not only implicated in ox-LDL endocytosis, but is also involved in triggering further signaling cascades that produce atherosclerotic inflammatory responses and is involved in regulating fat metabolism (15, 16) . Notably, a circulating form of the transmembrane receptor CD36, termed soluble CD36 (sCD36), has been discovered in human plasma and was found to be associated with risk factors of atherosclerosis in people with type 2 DM, including insulin resistance and glycemic control (14) . Thus, sCD36 was proposed to represent a marker of the MetS and a possible surrogate marker of atherosclerosis (14) . Further studies have shown that plasma levels of sCD36 were elevated in obese type 2 diabetic patients compared to controls (14, 17) . Plasma sCD36 was also elevated and inversely correlated with measures of insulin sensitivity in patients with polycystic ovary syndrome (18) . Furthermore, plasma sCD36 was increased in patients with symptomatic atherosclerotic carotid plaques and further associated with plaque instability (19).
In the present study, we hypothesize that plasma sCD36 may correlate with findings of the MetS among type 2 diabetic patients and may associate with an increased CVD risk among those patients. The aim was to validate the use of a simple, inexpensive, commercially available test for sCD36 as a biomarker of MetS and risk factors of CVD. To the best of our knowledge, this is the first study of absolute plasma sCD36 concentrations among middle-aged type 2 diabetic patients from Jordan.
Patients and methods

Study design.
Patients with confirmed diagnosis of type 2 DM (n=110) were recruited from the diabetic clinic at King Abdullah University Hospital (KAUH; Ar Ramtha, Jordan). From this cohort, a sub-population (n=41) who met the criteria of the MetS according to the International Diabetes Federation (IDF) definition was included in this study. Accordingly, diagnosis of MetS was based on having central obesity [waist circumference ≥94 cm for males and ≥80 cm for females or a body mass index (BMI) >30 kg/m 2 ] plus any two of the followings: Systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥85 mmHg, or on treatment for hypertension, elevated triglyceride level (≥1.7 mmol/l), or on treatment for this abnormality, reduced HDL-cholesterol (<1.04 mmol/l for males or <1.29 mmol/l for females), or on treatment for this lipid abnormality an increased fasting blood glucose (FBG) ≥5.6 mmol/l, or diagnosed with type 2 DM (8) . All the patients were on medications for controlling blood glucose levels and for treatment of MetS abnormalities. The study sample was age-and gender-matched to healthy volunteers (n=36) recruited from people who came to KAUH as visitors or for other purposes. All the subjects were recruited following obtaining informed consent and ethical approval by the Institutional Research Board at KAUH and Jordan University of Science and Technology (reference no. 20140019).
Data collection and anthropometric measurements. Body weight (kg), height (cm) and waist circumference (cm) were measured for all subjects as previously described (20) . BMI was determined for all subjects according to the formula: BMI = body weight (kg)/height (m 2 ). The diagnosis of type 2 DM was made by the physicians according to the guidelines of the American Diabetes Association (21) . Patients were considered hypertensive based on their medical history or receiving antihypertensive medications. For those who were not on antihypertensive medications, systolic and diastolic blood pressures were measured twice with a 10-min rest in between using a standardized mercury sphygmomanometer. The patient medical history including medications and other illnesses were obtained from their medical records. Patients were recruited between March and July 2014.
Blood sampling and processing. For plasma sCD36 determination, fasting venous blood samples were collected into 3.2% sodium citrate Vacuette tubes (Greiner Bio-One GmbH, Kremsmünster, Austria). Plasma samples were prepared by double centrifugations at 3,000 x g for 15 min each at room temperature within 2 h of blood collection (16) . Plasma aliquots were stored at -80˚C and were thawed at 37˚C immediately before analysis. Other appropriate venous blood samples were also collected at the same time of the first sample in the KAUH biochemistry lab to determine levels of FBG, glycated hemoglobin (HgA1c), lipid profile, white blood cells (WBCs) and red blood cells (RBCs) counts, hemoglobin (Hgb), platelets, sodium, potassium, urea and creatinine serum levels.
Laboratory assays. FBG, HgA1c, lipid profile, WBCs, RBCs, Hgb, platelets, sodium, potassium, urea and creatinine were determined by methods routinely used at KAUH biochemistry laboratory. Results for these variables were subsequently obtained from patient medical records or directly retrieved from the laboratory database for healthy controls that did not have medical records.
Plasma sCD36 level determination. Plasma sCD36 concentrations were measured by enzyme-linked immunosorbent assays (ELISA) obtained from (Aviscera Bioscience, Santa Clara, CA, USA) and according to the manufacturer's protocol. All the plasma samples were initially analyzed in duplicates using the human sCD36 ELISA kit (SK00196-02), which has a detection range of (1.95-250 ng/ml). Plasma samples were reanalyzed using a more sensitive human sCD36 ELISA kit (SK00196-06) with a detection range of (312.5-20,000 pg/ml). Intra-assay coefficient of variation was <6% and inter-assay coefficient of variation was <9%.
Statistical analysis. Statistical analysis was performed using SPSS software (SPSS, Inc., Chicago, IL, USA) version 18. Differences between qualitative variables were determined using χ 2 test. Continuous variables are expressed as mean ± standard deviation or median (25-75th percentiles) where appropriate. Variables that were not normally distributed were log-transformed prior to analysis. Student's t-test was used to assess differences in mean levels of normally distributed continuous variables. Correlations between sCD36 levels and other continuous variables were determined by the Pearson Product-Moment test. Multiple linear regression analysis was performed to detect the independent predictors of plasma sCD36 concentrations. All P-values were two-sided and P<0.05 was considered to indicate a statistically significant difference.
Results
General, anthropometric and biochemical characteristics. Table I illustrates differences in the general, anthropometric and biochemical characteristics between patients with MetS (n=41) and their matched healthy controls (n=36). Measurements of waist circumference, BMI, FBG and triglycerides were significantly higher in patients with MetS compared to the controls (P<0.001). Additionally, measurements that reveal kidney function including potassium, urea and creatinine were significantly higher whereas sodium was significantly lower in patients with MetS compared to controls (P<0.03). Other measurements were not significantly different between patients with MetS and controls (P>0.05).
Measurement of plasma sCD36 levels in patients and controls. Plasma levels of sCD36 in the MetS and control groups were undetectable by the human sCD36 ELISA kit, which has a detection range of (1.95-250 ng/ml). Plasma levels of sCD36 of the same subjects were detected when the samples were reanalyzed using a more sensitive human sCD36 ELISA kit with a detection range of (312.5-20,000 pg/ml). As shown in Table I , results from this analysis did not show any significant difference in sCD36 concentrations between patients with the MetS and controls (P=0.17). Furthermore, sCD36 concentrations were found to be extremely low in the MetS group [2,991 (2,006-7,199 pg/ml)] and the control group Correlations between sCD36 and other variables. Plasma sCD36 levels in all the subjects and in the MetS and control groups were not significantly correlated with age, BMI, waist circumference, FBG, HDL-cholesterol, LDL-cholesterol, total cholesterol, triglycerides, sodium, potassium, urea, creatinine, WBC count, RBC count, Hgb and platelet count. Plasma sCD36 levels in the MetS group were also not significantly correlated with HgA1c and duration of type 2 DM (P>0.05) (Table II) . Multiple linear regression analysis did not show any independent predictor of plasma sCD36 concentrations among all mentioned variables (data not shown).
Plasma sCD36 levels according to metabolic-associated abnormalities. When the entire cohort was stratified based on the presence/absence of specific individual metabolic variables (Table III) , plasma sCD36 levels were not significantly different in subjects with obesity, fasting hyperglycemia, hypercholesterolemia, low HDL-cholesterol, high LDL-cholesterol, hypertriglyceridemia, hypertension and CVD compared to those subjects without these abnormalities (P>0.05).
Discussion
The present study was designed to further investigate the association between plasma sCD36 and cardiovascular risk factors among middle-aged type 2 diabetic patients who fulfilled the IDF definition of MetS in Jordan. The current study did not show any significant difference in plasma sCD36 concentrations between the MetS group and age-and gender-matched healthy controls. This finding was inconsistent with results reported in the Handberg et al (14) study in Denmark and in our previous study, which was conducted on a Caucasian sample from Australia (17) . In the two studies, plasma sCD36 concentrations were significantly elevated in obese patients with type 2 DM suggesting that plasma sCD36 could act as a marker for type 2 DM, insulin resistance and MetS. However, the Danish study cohort further exhibited a significant difference in plasma sCD36 levels between lean and obese control groups (14) that was not replicated among the Australian participants (17) . This suggests that differences in plasma sCD36 concentrations may be expected in different study groups from different populations. Additionally, absolute sCD36 concentrations reported in the present study were considerably lower than those reported in the majority of other studies (17, (22) (23) (24) . Notable exceptions have been reported by Himoto et al (25) and García-Monzón et al (26) who identified even lower sCD36 concentrations compared to those from the current study (Table IV) . This variation could be population-specific as cellular CD36 expression may be associated with the inheritance of specific CD36 gene polymorphisms (27, 28) . Additionally, cellular CD36 expression can be affected by other factors including fat intake (29) and blood glucose levels (30) . However, the lack of a widely reliable standardized method for analyzing circulating sCD36 may represent another cause for inconsistent sCD36 concentrations (24) . As shown in Table IV , circulating sCD36 was measured by either in-house ELISA or using various commercially available ELISA kits produced by different companies. Assuming that all the available sCD36 kits have similar detection limits, plasma samples that are contaminated with platelets will exhibit larger CD36 concentrations as CD36 is highly expressed on platelets (31) . Thus, the use of different centrifugation conditions to prepare Table II . Correlation between soluble cluster of differentiation 36 concentrations and the other variables.
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- plasma prior to CD36 analysis would be expected to impact the amount of residual platelets and hence affect the consistency of sCD36 concentration measurements.
---------------------------------------------------------------------------------------------------------------------------------------------------------------
Results from the present study have also shown a lack of correlation between plasma sCD36 concentrations and biochemical parameters that determine the traditional cardiovascular risk factors including BMI, waist circumference, FBG, total cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides (Table II) . In addition, sCD36 concentrations were not correlated with kidney function biochemical parameters and blood parameters, as shown in Table II . Further multiple regression analysis did not show any significant independent predictor of plasma sCD36 concentrations among all the parameters shown in Table II . This result confirms that plasma sCD36, which was not significantly elevated in the MetS group, is not associated with the traditional cardiovascular risk factors among middle-aged subjects (53.8±9.7 years). Conversely, in healthy young subjects (18-25 years old) (22) , plasma sCD36 concentrations were significantly elevated in obese subjects compared to normal weight subjects and sCD36 was significantly correlated with obesity and LDL-cholesterol. Similarly, in early onset coronary artery disease patients (24), sCD36 was negatively correlated with BMI, waist circumference, RBC count, Hgb, glucose and systolic blood pressure, and it was positively correlated with age and HDL-cholesterol. These results (24) suggested an association between sCD36 concentrations and components of MetS including hyperglycemia, hypertension, dyslipidemia and obesity. The correlation of the sCD36 levels with plasma triglycerides was also reported by Knøsgaard et al (32) , and triglycerides were found to be significant independent predictors of sCD36 concentrations in morbidly obese subjects. In a nondiabetic healthy population, sCD36 was also significantly correlated with triglycerides, insulin and insulin sensitivity (33) . However, the present study was not able to confirm any association between plasma sCD36 concentrations and cardiovascular risk factors, patient age, type 2 DM duration, kidney function parameters and blood cell counts.
To further investigate whether plasma sCD36 concentrations are significantly different according to individual metabolic abnormalities, patients and controls were subgrouped as shown in Table III . The sCD36 concentrations were not significantly different in subjects with obesity, fasting hyperglycemia, hypercholesterolemia, low HDL-cholesterol, high LDL-cholesterol, hypertriglyceridemia, hypertension or coronary vascular disease compared to those without these abnormalities. This confirms that sCD36 is not associated with these metabolic abnormalities in the present study group. Similar results were reported in the study by Ramos-Arellano et al (22) except that subjects with hypertriglyceridemia or hypertension had higher sCD36 concentrations than subjects without these abnormalities.
Taken together and based on the measurement of absolute sCD36 concentrations by ELISA, the present study suggests that sCD36 was not associated with cardiovascular risk factors among patients with MetS and its concentrations were not significantly different compared to healthy controls. This result is inconsistent with what has been reported previously as discussed; however, it may represent a unique result for the present study population. However, this research has certain limitations that may influence its results. For example, results from different commercially available human sCD36 ELISA kits were not examined due to fund limitations. This would allow a generally reliable standardized method for determining sCD36 concentrations. Furthermore, we have previously shown that sCD36 is not truly soluble but is entirely associated with plasma microparticles (MPs) that shed from cell membranes as a result of cell activation or cell apoptosis (34) . Additionally, the plasma levels of CD36-positive MPs and sCD36 concentrations were strongly correlated together (17) . However, the CD36-positive MPs could not be measured in the current study as the required equipment for such analysis was not available. Thus, the use of a standardized ELISA that could be performed in any basic laboratory over the specialized flow cytometry methods required to enumerate MPs would be favorable to detect sCD36 if it were to be used as a biomarker.
However, further studies are required to determine CD36 tissue expression in the current study population. Such information is required to justify why plasma sCD36 concentrations were low and to check whether sCD36 concentrations do reflect its tissue expression. In addition, further research should be performed to establish a well-standardized method for analyzing circulating CD36 including plasma preparation Table IV . Comparison between the absolute sCD36 concentrations from different studies.
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Human sCD36 to produce comparable sCD36 results between different study groups. Additional studies are also required to assess differences in sCD36 levels among different populations and to check if population-specific factors may affect sCD36 concentrations.
